Study objective-The aim was to explore whether maternal consumption of seafood is a determinant of birth weight in a dose dependent manner. Design-A population based survey of lifestyle factors in pregnancy was linked with information from antenatal and obstetric records. Setting and participants-Seventy five per cent of all 1362 women who delivered in the Faroe Islands during the study period 1986-87 who gave a structured post partum interview on lifestyle factors. Main results-Altogether, 2, 6, 16, 33, 26, 14, and 3% of women had consumed approximately 0, 1, 2, 3, 4, 5, and 6+ respectively seafood (fish or whale) dinner meals per week during pregnancy. The average birth weight (p=0.02) and birth length (p=0002) varied significantly between the seven groups, and increased by about 0-2 kg and 1 cm, respectively between women who ate 0 and those who consumed 3 seafood meals per week. Mean birth weight and length tended to level offwith further fish consumption: when fitting a second degree polynomial, the quadratic terms were negative and significant for both birth weight (p=O 005) and length (p=0.001). Analogous analyses for pregnancy duration were not significant, but exhibited similar trends. All analyses were adjusted for maternal height, weight, parity, age, marital status, and smoking. Conclusions-The weight and length of the newborn increased with the frequency of seafood dinner meals consumed in pregnancy but only up to a consumption level of about 3 meals per week.
(p=0.02) and birth length (p=0002) varied significantly between the seven groups, and increased by about 0-2 kg and 1 cm, respectively between women who ate 0 and those who consumed 3 seafood meals per week. Mean birth weight and length tended to level offwith further fish consumption: when fitting a second degree polynomial, the quadratic terms were negative and significant for both birth weight (p=O 005) and length (p=0.001). Analogous analyses for pregnancy duration were not significant, but exhibited similar trends. All analyses were adjusted for maternal height, weight, parity, age, marital status, and smoking. Conclusions-The weight and length of the newborn increased with the frequency of seafood dinner meals consumed in pregnancy but only up to a consumption level of about 3 meals per week. 3 lIpideniol Communnity Health 1993; 47: 436-440 Eating seafood, which is rich in long chain n-3 fatty acids, may increase birth weight in two ways:
it may prolong the duration of pregnancy by interfering with the prostaglandins involved in the process of parturition' and it may increase the fetal growth rate by raising the ratio of biologically active prostacylins to thromboxanes and reducing blood viscosity, thereby facilitating placental blood flow.2 4 It has been suggested5 that the effect ofn-3 fatty acids on pregnancy duration may depend on the level of consumption. A direct correlation was seen between n-3 fatty acids quantified in maternal erythrocytes and pregnancy duration in a sample of Danish women, whereas no such association could be detected in a sample of Faroese women who tended to eat more fish. This finding suggested the existence of a saturation level for the effect of n-3 fatty acids on pregnancy duration, and that a substantial proportion of women in the Faroe Islands may have an intake that is above this level.
We studied the relationships between the size of the newborn and pregnancy duration on the one hand, and self reported consumption of seafood dinner meals on the other, in a larger sample of Faroese women6 7 to investigate whether the relationships do depend on the level of consumption. We also estimated to what extent the higher consumption of seafood in the Faroes might explain the difference in the birth weight between the Faroes and Denmark.
Population and methods

DATA COLLECTION
Data were collected for all liveborn singleton deliveries in the Faroes between March 1, 1986 and December 31, 1987 (with a break from July 10 to August 8, 1987) . The cohort has been described elsewhere.6 7 After delivery, the midwife asked the mother standardised questions about fish (number of fish dinner meals per week) and pilot whale (number of whale dinner meals per month) consumption and smoking habits (0, 1 10, or 11 + cigarettes per day) on average during pregnancy. The original data set (on the basis of which some preliminary analyses of birth weight were undertaken7) was supplemented further with information about maternal height and weight, placental weight, and with all available information for gestational age assessment; this information was extracted from birth certificates and antenatal records from midwife assessments and ultrasound examinations. A computer file of all routine parameters for all deliveries in the Faroes during the study period was also obtained from the Birth Registry at the National Board of Health. were applied to adjust these comparisons for differences between the groups in maternal height, weight, parity, age, marital status, and smoking and to adjust further the comparisons of mean birth weight, mean birth length, and mean placental weight for differences in gestational age. These statistical models have the advantage of being free of any assumptions about the shape of the relationship between the seafood dinners variable and the pregnancy outcome variable.
Linear trends were tested for by linear regression. Levelling off of the relationships, suggested by an earlier study,5 was tested for by fitting the data to a second degree polynomial (bo+blx+b,x2) in a regression model. These analyses were also adjusted for the potential confounders listed above, by including them in the model as explanatory variables. Birth weight tended to be related linearly to maternal height, weight before pregnancy, parity, and age, when they were categorised as: -150, 151-160, 161-170, and 171+ cm; -45, 45-50, 51-70, and 71+ kg; para 0, 1-2, and 3+; -19, 20-34, and 35+ years respectively. These categories were coded 0, 1, 2, . . . in the multivariate analyses since the analyses assume linear relationships between the pregnancy outcome variable and the confounding variables.
The term significant denotes a two sided p level of 0-05 or less.
Results
The sample comprised 75% of all deliveries that took place during the study period. Deliveries not included in the study had a significantly shorter mean gestational age than those included, whereas no significant differences were seen in the average maternal age, parity, height, weight before pregnancy, birth length, or placental weight.6
The women included in the study had an mean (SD) age, height, and weight before pregnancy of 26-9 (5-53) years, 164-0 (5 64) cm, and 60-1 (9 54) kg respectively, and 35%, 62%, and 63% respectively were primiparous, married, and had reported not to have smoked in pregnancy. Mean (SD) gestational age, birth weight, birth length, and placental weight were 283-4 (12-6) days, 3669 (543) g, 53-1 (2 28) cm, and 695-1 (149) g respectively. The distribution of the women according to the seafood variable is given in table I.
For all four pregnancy outcomes, the fitted, confounder adjusted values from the multiple classification analyses (table I) exhibited patterns that were similar to those seen in the unadjusted comparisons of the group means (figure). In the adjusted analyses (table I) , mean birth weight and length varied significantly between the seven nutritional groups; however, mean gestational age and placental weight did not. Further adjustment for gestational age at birth reduced the variation in mean birth weight, birth length, and placental weight somewhat, although substantial significant variations remained, particularly for birth weight and length (table I) .
Gestational age, birth weight, and birth length tended to increase with the number of seafood dinners (figure and table I), but the rise was apparent only up to a consumption level corresponding with the group in the middle of the distribution, above which the curves tended to level off. Placental weight seemed to fluctuate somewhat more, but it tended to rise over the total range of exposure.
When applying linear regression, only placental weight increased significantly (p=0 02) over the total range of the seven groups ( Nevertheless, one of our aims was to use the data set to test the hypothesis that n-3 fatty acids from marine food sources may increase birth weight.' The rationale is that seafood is by far the most important food source of long chain n-3 fatty acids. From this point of view, and with the above limitations in mind, we may at least conclude that our test does not reject the possibility that n-3 fatty acids ingested in pregnancy are a determinant of birth weight. Pregnancy duration showed the same trend as birth weight but the variation across the nutritional groups was not statistically significant, and the associations seen with birth weight were rather stable towards adjustment for gestational age. Because of the inherent imprecision of the gestational age assessment, however, these findings should be interpreted with caution in respect of the question whether the postulated effect of birth weight is mediated by a prolongation of the intrauterine growth period' or an increase in the fetal growth rate,2 4 but the data are more in accordance with the latter than the first possibility. Placental weight measured in routine clinical practice is likely to be an even more imprecise measure, because comparatively little attention is attached to it. It is therfore a noteworthy finding that placental weight tended to rise in relation to seafood dinners over the total range of exposure, and also that this association seemed to be mediated only partly by the association with birth weight (adjusting for birth weight reduced the point estimate of the regression coefficient for placental weight from 9 9 to 5 8, table II, linear model). Indeed, this finding could reflect the postulated effect of n-3 fatty acids on placental blood flow.2>4
On the other hand, a simple linear relationship between the frequency of seafood meals and birth weight was not in accordance with the data. These suggested a dose dependent relationship instead. This possibility was forseen before the analyses as an a priori hypothesis on the basis of two earlier studies. One was a study of the relationship between gestational age and marine n-3 fatty acids measured in ervthrocyte lipids,' where the relationships tended to be steeper in a population with a low level of exposure than in one with high level of exposure. The other study was a controlled trial," showing a prolonged gestation and a correspondingly increased birth w\eight in Danish women after supplementation with fish oil from wveek 30 ofgestation, except that no effect could be detected in the subgroup ofwomen with comparatively high fish consumption at entry to the trial. The present study provides further support to the possibility of a saturable, dose dependent relationship between n-3 fatty acids and weight at birth. Again, various sources of bias could possibly account for the bending of the curves. Thus, the nutritional variable is likely to have a large misclassification error when used as a surrogate measure for the intake of marine n-3 fatty acids, and it is possible that misclassification is greatest in the upper range of the scale (for example, it may be easier to be sure about whether one has consumed a particular diet zero, one, or two times than whether one has consumed it four, five, six times a week); if so, this would tend to flatten artificially the upper part of a possible linear relationship. observed between the areas in gestational age, which was 0 36 weeks. Despite the title of the paper,'2 these data do not reject any of the two possibilities that dietary marine n-3 fatty acids may prolong duration of pregnancy and increase fetal growth rate. Despite its limitations we think that the present study does provide evidence in support of the hypothesis that marine food products ingested in pregnancy increase the baby's size at birth, and also that the dose-response relationship has a saturation level. Both conclusions are of potential importance for public health. Further studies are needed which make use of more specific and quantitative measures for the n-3 fatty acid intake, which are better able to disentangle and isolate any effects on pregnancy duration from those on fetal growth, and which focus on endpoints of greater importance to public health like occurrences of preterm delivery and intrauterine growth retardation. 
